Extract obstruction to aortic flow. Until a suitable noninvasive method of assessing oxygenation in newborns is available, umbilical artery The effect catheter placement in the On the catheters should be of the smallest possible outside diameter and blood flow and oxygenation of lower extremities was evaluated in 30 below the bifurcation of the abdominal aorta. New Zealand rabbits, weighing 0.55-3.5 kg, by inserting 3.5 and 5.0 French polyvinyl chloride catheters, of the type commonly used for umbilical artery catheterization, through the femoral artery, advancing 15-20 cm, and leaving in place for 10-30 min. Arterial blood pressure (BPI, common iliac artery blood flow (BF), gracilis muscle tissue oxygen availability (O,a), and subcutaneous temperature ( T ) in the foot were continuously monitored before and during catheter placement and after withdrawn!. There were no changes in the physiologic variables measured in the contralateral leg when the catheter remained below the aortic bifurcation; however, when the catheter was advanced 15-20 cm into the abdominal aorta, a decrease in lower extremity BF, O,a, and T occurred. Because the length of catheter insertion was maintained constant in each animal, the decreases in BF, O,a, and T are related to the relative dimensions of the vessel and the catheter. The ratio of catheter to vessel diameter, in addition to the site of catheter placement, should be considered during the clinical application of arterial catheters. Reduction in blood flow could be detected by continuous differential monitoring of core and extremity temperature or extremity muscle oxygen availability.
Speculation
Placement of catheters in the aortas of animals of physical ~i z e s comparable to those of newborn infants may produce an appreciable The patency of the umbilical vessels at birth allows long term catheterization. In 1959, James (5) reported the use of an umbilical artery catheter to obtain repeated samples for blood gas and pH analysis. Since that time. catheterization of umbilical vessels has become a routine procedure in the management of diseased neonates. Various authors (7) have suggested catheter pltlcement in: ( I ) the abdominal aorta, distal to the renal and inferior mesenteric arteries and proximal to the aortic bifurcation (6) . (2) the thoracic aorta, distal to the ductus arteriosus (6) . or (3) the iliac artery, distal to the aortic bifurcation ( I , I I). Although this procedure facilitates the care of sick infants, especially those requiring respiratory support and fluid maintenance, it may lead to serious complications including thrombosis, infection, vessel perforation, extremity blanching, and visceral necrosis (7, 8) .
A catheter placed in an artery produces a partial acute mechanical obstruction equivalent to coarctation of the aorta, and measurement of this effect has not been previously reported. Poiseuille's law was used as the theoretical rationale for this study.
where Q = flow, X = viscosity, L = catheter length within the animals (0.55 to 2.6 kg) the above procedure was repeated. without aorta, P I = blood pressure at the proximal end of L, P, = blood placement of the blood flow probe, to eliminate possible vascular pressure at the distal end of L, r, = catheter outside radius, and constriction by the probe. r, = vessel inside radius. Streamline flow of a Newtonian fluid through an annular system is primarily effected by Ar, which is a PHYSIOLOGIC VARIABLES fourth power variable. Although an in vivo situation differs from the ideal in vilro situation (nowNewtonian characteristics of blood, BP was continuously monitored by a pressure transducer pulsatile rather than steady flow, elasticity of the outer wall, etc.), (Statham P23Db).
was measured by a thermistor we speculated that because of the possibility of vasospasm, the Springs, Telethermometer). BF w a s c o n t i n u o u s l~ monitored a n greater viscosity of blood, and the turbulent rather than laminar blood flow meter (IVM EMF lo'). Oza was flow through the annular space, the flow would be decreased even con tin^^^"^ ~~l~~~g~~~~ (3) using a 'Ornmerfurther than predicted.
cially available Hydron-coated gold cathode and an Ag-AgCI skin ~h~ purpose of this study was to evaluate the effect of (3,5F surface anode (International Biophysics Corporation, frvine, Cali-I and 5,0F catheters) on blood flow and oxygen supply to the fornia). When voltage above the oxygen decomposition potential is I extremities. addition, new criteria which could detect the applied to the cathode. the current produced is proportional to the changes in oxygenation related to catheter compl~cat~ons have amount of oxygen reduced. In the tissue, the amount of 0, reduced been sought.
is proportional to the tissue PO,, which in turn is effected by total oxygen delivery, O2 release, and tissue metabolic rate. BF and 0 , a 15-20-cm mark. All dynamic variables were recorded on a chart Male New Zealand rabbits were used in the study. Anesthesia recorder (Sanborn 358-100). was induced by injecting sodium pentobarbital (25 mg/kg) into an ear vein. The animal was placed on a heating blanket (Gorman
RESULTS
Rupp) maintained at 39O. In 10 animals (1.6-3.5 kg), the right common iliac artery was surgically exposed intraperitoneally and a Aortograms revealed that the aortic diameter in these animals blood flow probe and an arterial occluder (2) were secured around was 3-6 mm. the vessel. A needle thermistor was placed subcutaneously distal to The effect of a 3.5F and a 5.OF catheter on BP, BF, T, and 0 , a the probe in the right foot. An oxygen electrode was implanted in in a 2.7-kg animal is shown in Figures 2 and 3 . The 3.5F catheter the right gracilis muscle distal to the probe and proximal to the advanced 15 cm (Fig. 2 ) had no effect on these variables. When the thermistor, A n arterial catheter (3.5F or 5.0F) was then inserted common iliac artery was occluded, a moderate decrease in T and a into the left femoral artery, 3 cm from the bifurcation of the precipitous drop to the zero level in BF and 0 , a occurred. The 5.OF catheter advanced I5 cm (Fig. 3 ) produced a 100% I abdominal aorta (Fig. I) . After a 30-min stabilization period,
I
control values for the physiologic variables measured were ob-decrease in BF and O,a, whereas T decreased only 1.2" with no appreciable effect on BP. When the catheter was withdrawn to its tained.
The catheter was then advanced 15p20 cm and left in place for 3-cm mark, all variables returned to the control levels. or until zero O,a level was reached, The catheter was Table I shows mean and standard deviation changes for all the then withdrawn to its 3-cm mark. ~f the 3,5F catheter produced a physiologic variables monitored in two weight groups of animals. significant obstruction, as manifested by decreased BF or O,a, the In the weight group 1.6-2.3 kg, 3.5F catheters produced slight 5.OF catheter was not used. Zero 0 2 a and BF levels were obtained changes i n BP and T3 but decreased BF 67 + 44(70 and Oza 56 by periodic occlusion of the vessel and at death. Catheter site and + 5 0 8 . which represented a significant change from control @ < I aortic diameter were verified by aortogram, I n 20 additional 0.025; t = 2.530). Of nine determinations. four showed decreased 0 , a and BF. However, in the heavier weight range of 2.6-3.5 kg. 3.5F catheters produced only small, insignificant changes in 0 , a Table 2 shows the changes in physiologic variables in four weight groups of animals without blood flow probe placement. In the weight range of 0.55-1.0 kg, 3.5F catheters significantly increased BP from 92 zt 4/67 + 7 mm Hg to 113 22/88 * 8 mm Hg @ < 0.01; t = 3.776) and decreased 0 , a to 36 + 42% of control (p < 0.025: t = 3.034). Extremity temperature decreased moderately but insignificantly. Of five determinations, four showed decreased 0,a. However. in the range of 1.4-2.6 kg, 15 determinations with the 3.5F catheter showed no effect on O,a, and only slight insignificant changes in BP and T. The difference in 0 , a after 10 min in these two weight groups is significant (p < 0.01; t = 3.034).
In the weight range of 0.55-1.5 kg, 5.OF catheters decreased 0 , a precipitously to I * 1% within 10 min, representing a significant change from control @ < 0.001; t = 149.015). Of six determinations, all showed large decreases in 0,a. However, in the 1.6-2.6 Fig. I . Experimental design, sites of catheter, and sensor placement. kg weight range, 0 2 a showed only slight decreases (100% to 98 + 5%). The difference between these two groups is significant @ < 0.001; t = 54.531). Only 2 determinations out of 1 1 showed any effect on OZa. BP changed only very slightly and insignificantly in both groups after catheter advancement.
Changes in 0 , a as a function of body weight produced by advancement of 3.5F and 5.OF catheters in animals in which the blood flow probe was not implanted are shown in Figure 4 . Advancement of 3.5F catheters in animals weighing more than I .O kg did not produce any change in 0 , a . In those weighing less than 1.0 kg but more than 0.7 kg, the gradual decrease was proportional to body weight, whereas in those weighing less than 0.7 kg, 0 , a reached the zero level. Advancement of 5.OF catheters in animals weighing more than 1.6 kg did not produce any change in 0 , a . In those weighing less than 1.6 kg but more than 1.4 kg, the decrease was again proportional to the body weight. and in those weighing less than 1.4 kg 0 , a was 100% decreased.
DISCUSSION
In evaluating the oxygenation of distressed newborns. introduction of catheters into the aorta via an umbilical artery is widely practiced. Possible complications of this procedure are accepted in exchange for data which may protect the brain from hypoxia and the eyes and lungs from hyperoxia. There are logical arguments for placement of the catheter tip at one of two sites: placement at or slightly above the diaphragm assures lack of infusion directly into an aortic branch, whereas placement below the level of aortic bifurcation produces less obstruction due to the shorter length of ' BP: arterial blood pressure: 0,a: gracilis muscle tissue oxygen availability; T: subcutaneous temperature. to an annular system, we estimated that placement of an aortic catheter could possibly reduce blood flow. As with flow in cylindrical tubes, the radii in an annular system are the variables most significantly influencing flow because they are fourth power variables. These theoretical considerations led us to design experiments for evaluating obstruction to aortic flow produced by indwelling catheters.
The observations were intentionally limited to a maximum 30-min period in order to eliminate the possibility of further obstruction to blood flow because of thrombus formation. We do recognize, however, that this time limitation might present a problem if the initial decrease in 0 , a is related to vasospasm due to catheter advancement. It is possible that the 30-min period was not long enough t o allow for the relaxation of a possible spasm. Nevertheless, theoretical calculations, the gradual difference in 0 2 a decrease related to the size of the vessel, and the rather rapid recovery after catheter withdrawal all suggest obstruction rather than vasospasm.
Our results indicate that reduction in BF, 0 2 a , and T is related to the relative dimensions of the vessel and the catheter ( l r ) . In animals weighing less than 1.0 kg, 3.5F catheters decreased BF, T, and 0 2 a , whereas 5.OF catheters produced similar decreases in animals weighing less than 1.6 kg. Although the radius of the 3.5F catheter is 70% that of the 5.OF, the obstructing cross-sectional area of the latter is doubled. I n addition, the ratio of the catheter's cross-sectional area to the vessel's free flow area increases with the decreasing diameter of the vessels. Both of these account for the impressive difference in flows through the annular space, resulting in a significant reduction in oxygen supply to the extremities. This suggests that only 3.5F (or smaller) catheters should be used in small newborns.
The discrepancy in results (Figures 2, 3 , and 4 and Tables 1 and  2 ) between the animals in which the blood flow probe was used and the animals without the blood flow probe can be attributed to the initial vasospasm produced by placement of the probe around the vessel. I n thkse animals, a smaller flow obstruction would produce a more pronounced decrease in BF and 0,a.
Clinically, various sites have been suggested for catheter placement (1, 6 , 11). Our data indicate that there is no change in oxygen supply to the opposite extremity when the catheter is placed below the aortic bifurcation, suggesting that this is a preferred site. This concurs with recent reports by others (4, 10) . Size and site of a catheter and size of blood vessels should be considered during the clinical application of umbilical artery catheters. Undesirable changes could be detected by continuous monitoring of extremity 0 , a or differential core and extremity T.
S U M M A R Y
Placement of catheters in the abdominal aorta produces an obstruction which is manifested by decreased extremity blood flow, muscle oxygen availability, and temperature, and which is greater with 5.OF catheters and more pronounced in animals weighing less than 1.6 kg.
Placement of the catheter below the aortic bifurcation did not produce any change in blood flow and oxygenation of the contralateral extremity, suggesting that this is a preferred site. These and other complications could be detected by differential monitoring of extremity and core temperature or extremity tissue oxygen availability.
